Sepsis continues to be a leading cause of mortality and morbidity in the intensive care unit. Cardiovascular dysfunction in sepsis is associated with worse short-and long-term outcomes. Sepsis-related myocardial dysfunction is noted in 20%-65% of these patients and manifests as isolated or combined left or right ventricular systolic or diastolic dysfunction. Echocardiography is the most commonly used modality for the diagnosis of sepsis-related myocardial dysfunction. With the increasing use of ultrasonography in the intensive care unit, there is a renewed interest in sepsis-related myocardial dysfunction. This review summarises the current scope of literature focused on sepsis-related myocardial dysfunction and highlights the use of basic and advanced echocardiographic techniques for the diagnosis of sepsis-related myocardial dysfunction and the management of sepsis and septic shock.
1
. Multi-organ dysfunction is seen in up to 45% of patients presenting with sepsis and is associated with higher mortality, morbidity and long-term organ dysfunction 2, 3 . Dysregulation of the cardiovascular system is a central component of sepsis, characterised by pathologic vasodilation and impaired myocardial function leading to shock and vasopressor dependence. This is driven primarily by release of cytokines, mitochondrial dysfunction, and tissue hypoxia that leads to injury and death of cardiac myocytes 4, 5 . The pathology and clinical implications of vascular dysfunction and cardiac biomarker elevation in sepsis have been discussed previously, and are beyond the scope of the current review [5] [6] [7] . In 2016, the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) defined sepsis as life-threatening organ dysfunction caused by a dysregulated host response to infection, and septic shock as a subset of sepsis with profound circulatory, cellular and metabolic abnormalities 8 . Clinically, sepsis can be diagnosed by the suspicion of an infection and an increase in the Sequential Organ Failure Assessment score of ≥ two points. Septic shock is characterised by a vasopressor requirement to maintain a mean arterial pressure ≥65 mmHg, and a serum lactate >2 mmol/l in the absence of hypovolaemia 8 . Sepsis-related myocardial dysfunction (SRMD) can manifest with left ventricular (LV) systolic dysfunction, LV diastolic dysfunction and right ventricular (RV) dysfunction, either alone or in combination [9] [10] [11] . The characterisation of SRMD in patients with severe sepsis or septic shock remains challenging because of the dynamic adaptations of the cardiovascular system to systemic stress. The aetiopathogenesis of SRMD has been described previously 12, 13 . Traditional static haemodynamic monitoring for sepsis could have resulted in under-diagnosis of SRMD in older studies due to the absence of elevated LV filling pressures secondary to transient increases in LV compliance 14 . Use of non-invasive imaging techniques, specifically echocardiography, has been an important evolution in the evaluation, diagnosis and management of septic patients. Point-of-care cardiac ultrasonography is an important adjunct to clinical evaluation and physical examination in these patients. With the recent publication of critical care ultrasonography guidelines, there is renewed interest in cardiovascular abnormalities in non-cardiac critical illness, prompting us to review the role of echocardiography in sepsis and septic shock 15, 16 . Most studies of SRMD have focused on the prognostic value of specific echocardiographic measures in septic patients, rather than using echocardiography to guide treatment. In general, these studies have shown greater prognostic importance of advanced rather than Global RV systolic strain Tricuspid annulus strain sʹ * Excluding assessment of pulmonary pressures; right ventricular diastolic function not commonly measured in clinical practice. ** The myocardial performance (Tei) index is a measure of combined systolic and diastolic function of either the left or right ventricle using either spectral or tissue Doppler imaging. *** The mitral E/eʹ ratio combines spectral Doppler (E velocity) and tissue Doppler (eʹ velocity) imaging. dP/dt, rate of ventricular pressure rise in early systole; DT, deceleration time; EPSS, E-point septal separation; LV, left ventricular; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract; MAPSE, mitral annular plane systolic excursion; RV, right ventricular; RVOT, right ventricular outflow tract; TAPSE, tricuspid annular plane systolic excursion; E, early diastolic mitral inflow velocity; A, late diastolic mitral inflow velocity; sʹ, peak systolic longitudinal velocity of the mitral annulus; eʹ, peak early diastolic longitudinal velocity of the mitral annulus.
basic echocardiographic techniques and greater prognostic importance of markers of LV diastolic function and RV systolic function than of LV systolic function.
For this discussion, basic echocardiography consists of point-of-care cardiac ultrasonography and twodimensional imaging with transthoracic echocardiography and transoesophageal echocardiography. Two-dimensional echocardiographic techniques provide a basic understanding of cardiac structure and function, and are readily applied at the bedside by providers. Advanced echocardiography provides greater detail regarding myocardial function and haemodynamics, and includes modalities such as threedimensional echocardiography, colour or spectral Doppler imaging, tissue Doppler imaging (TDI), myocardial strain imaging using speckle-tracking echocardiography, and myocardial contrast echocardiography ( Table 1 ). The clinical use of various echocardiographic modalities for assessment of LV and RV systolic and diastolic function are summarised in Table 2 .
Left ventricular systolic dysfunction
LV systolic dysfunction is the most commonly reported cardiac abnormality in sepsis and has been increasingly documented due to the expansion of point-of-care cardiac ultrasonography in the intensive care unit (ICU). Most studies have documented reversible LV systolic dysfunction with a decrease in LV ejection fraction (LVEF) during the acute phase of sepsis with subsequent normalisation after seven to ten days 9, 17 . LV systolic dysfunction has demonstrated a variable correlation with short-and long-term outcomes in septic patients with some authors considering it a survival adaptation in these patients 9, 10, 18 .
Basic echocardiography
Multiple two-dimensional echocardiographic parameters have been evaluated in the assessment of LV function, the most prominent of which is the LVEF. LVEF can be visually estimated or calculated using the single-or biplane Simpson method (Figures 1 and 2) 
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. Semi-quantitative assessment of LV function (normal, mildly reduced, severely reduced) or the Teichholz method of estimating LVEF using M-mode are also used in clinical practice. The measurement of LVEF takes into consideration the geometric assumptions of the LV, and the current cut-off values for systolic dysfunction vary between 45% and 55% depending on individual studies and methods 19, 20 . LVEF has gained further prominence by the use of semi-quantitative techniques and 'eye-ball' LVEF with classification of the ventricular performance into mild, moderate and severe dysfunction 15 . However, LVEF has not been able to consistently distinguish disease severity or predict outcomes in septic patients 20 .
LVEF is an imperfect measure of LV systolic function, since it is dependent on both LV contractility and LV loading conditions, which are often abnormal in septic patients 21 . LVEF can change rapidly during the course of the patient's illness and resuscitation, so standardisation of conditions during LVEF measurement remains challenging. Due to the dynamic nature of LVEF, the incidence of reduced LVEF may increase over time based on afterload conditions and fluid resuscitation 22, 23 . Paradoxically, elevated LVEF (hyperdynamic LV systolic function) has been associated with higher mortality in septic patients, likely due to profound loss of vascular tone or inadequate fluid resuscitation 24, 25 . Indeed, early and adequate fluid resuscitation in sepsis has been associated with unmasking of systolic dysfunction 6, 12, 24 . The adaptive cardiac response to an acute reduction in LV contractility is for the ventricle to dilate to maintain stroke volume and cardiac output in the face of reduced LVEF, and the presence or absence of this adaptive response may be more important than the LVEF itself. LV systolic dysfunction has been variably associated with LV dilation in humans, and it appears that LV dilation rather than LV systolic function itself has important prognostic implications 26 . Among septic patients with reduced LVEF, lack of LV dilation as an adaptive cardiac response is associated with a higher mortality 12, 27 . LV dilation can be assessed by estimating the LV enddiastolic volume (LVEDV), a simple measure of ventricular dilation that correlates with worse clinical outcomes in some studies 9, 28, 29 . Due to the dynamic evolution of systolic function in SRMD, LVEDV and LVEF may have a variable association with outcomes depending on the timing of echocardiography 27 . In a meta-analysis by Huang et al, most patients were recruited within the first 24 hours, the early phase of SRMD with greater variability in LV dilation 17, 30 . Accurate measurement of LVEF and LVEDV can be challenging in critically ill patients due to poor image quality, leading some authors to explore simplified one-dimensional methods to estimate LV systolic function. Left atrioventricular plane displacement (similar to mitral annular plane systolic excursion or measured by M-mode) has been used to assess longitudinal LV function, but has been noted to correlate poorly with LVEF in patients with sepsis 31 .
Advanced echocardiography
Spectral Doppler and dobutamine stress echocardiography Echocardiography can be used to estimate stroke volume, stroke volume index, cardiac output and cardiac index by measurement of the pulsed wave spectral Doppler systolic flow velocity-time integral in the LV outflow tract (LVOT) and LVOT cross-sectional area. All Doppler-based advanced echocardiographic techniques are prone to errors in measurement 31 . The lack of indexing these values to the height of the patient creates additional heterogeneity in the literature that requires further standardisation 30 . Echocardiographic assessment in septic shock patients can be confounded by the effects of inotrope and vasopressor medications used for haemodynamic support. LVEF and stroke volume estimated by Doppler can be strongly influenced by the changes in cardiac inotropy and afterload produced by vasoactive medication. Few published studies have systematically examined the effects of vasoactive medication on the majority of echocardiographic parameters used clinically in septic patients. Dobutamine stress echocardiography has been studied to evaluate the cardiovascular response in sepsis and septic shock 32, 33 . During a sepsis episode, patients whose systemic oxygen consumption increased by more than 15% following a one-hour dobutamine infusion had a lower mortality rate compared to those whose oxygen consumption was less than or equal to 15% 34, 35 . Dobutamine stress echocardiography has been used to evaluate reversibility of myocardial function following a sepsis episode; however, its prognostic utility during a sepsis admission needs further elucidating 33 . Kumar et al subjected sepsis patients to a graded dobutamine challenge that demonstrated augmentation of stroke volume index to greater than 8.5 ml/m 2 was associated with survival 32 . These studies demonstrate that cardiac responsiveness to catecholamine stimulation is associated with better survival in patients with sepsis and septic shock.
Tissue Doppler imaging
Unlike other echocardiographic measures of LV systolic function such as LVEF, cardiac index and stroke volume, TDI is relatively independent of fluid status, inotrope and vasopressor use. TDI parameters of LV systolic function, specifically LV peak systolic (sʹ) velocities have been increasingly studied in critical illness and sepsis ( Figure 3 ) 31, 36 . A reduced LV sʹ velocity has been demonstrated to be a more sensitive predictor of clinical outcomes in cardiovascular disease compared to LVEF 37 . In a prospective observational study, Bergenzaun et al 31 found LVEF to correlate poorly with LV sʹ velocity (r = 0.47) in critically ill patients. Weng et al 38 demonstrated a significantly lower LV sʹ velocity in survivors of septic shock compared to non-survivors (7.8 versus 11.0 cm/s; P <0.0001), with a cut-off of 9 cm/s demonstrating an area under receiver operating characteristic curve of 0.83 for survival. Contrastingly, Santos et al demonstrated a higher LV sʹ velocity in survivors of sepsis admission (13.25 versus 7.33 cm/s, P <0.0001) when TDI was performed within five minutes of guideline-directed resuscitation 39 . These studies vary in timing of echocardiography given that the former was performed in the ICU and the latter in the emergency department, which could have evaluated SRMD during different stages of evolution leading to divergent results. The robust correlation of peak systolic velocity with cardiac output and stroke volume in healthy patients is not replicated in critical illness 36 .
Strain imaging
Strain imaging using speckle-tracking echocardiography is an even more accurate measure of systolic function and LVEF in patients with sepsis and septic shock 40, 41 . Lagrangian strain is defined as the change in myocardial fibre length measured in longitudinal, radial and circumferential dimensions (Figure 4) 
41
. Using a system to track myocardial ultrasound artefacts known as 'speckles', strain imaging measures the motion of the myocardium for a frame-by-frame analysis with special attention to the longitudinal fibres that are highly prone to ischaemia 42, 43 . Since the LV shortens during systole, longitudinal strain values are negative by convention and more negative values reflect 'better' systolic function. Unlike standard Doppler imaging modalities, strain imaging is independent of operator angle and loading conditions and can evaluate LV systolic function and dysfunction more accurately than traditional echocardiography in both adult and paediatric populations 40, 44, 45 . Global longitudinal strain was shown to have less inter-and intra-observer variability in comparison to more traditional parameters such as LVEF and TDI variables 46 . Palmieri et al 44 and Chang et al 47 demonstrated greater correlation of less-negative longitudinal strain with short-term mortality in comparison to traditional parameters such as LVEF. Preliminary data from Ng et al has demonstrated that patients with septic shock have worse global longitudinal strain (-14.5% versus -18.3%, P <0.001) in comparison to patients with sepsis without shock. They demonstrated that lack of improvement in the left ventricular systolic function assessed using longitudinal strain is associated with higher in-hospital mortality 40 . Strain imaging has been shown to be superior to TDI in assessing diastolic dysfunction in patients with sepsis 25, 48 . De Geer et al noted global longitudinal strain to correlate well with tissue Doppler diastolic velocity (eʹ), ratio of early diastolic mitral inflow velocity (E) to eʹ (E/eʹ) and N-terminal pro-B-type natriuretic peptide and lactate levels in septic patients 49, 50 . Using a prospective cohort of 68 patients, Lanspa et al demonstrated global longitudinal strain to correlate with traditional markers of tissue oxygenation, i.e. central venous oxygen saturation and serum lactate 51 . Strain imaging has potential for additional risk stratification in septic shock with LV dysfunction; however dedicated studies for the incremental value are required 44, 52, 53 . In a landmark trial using global longitudinal strain, Landesberg et al demonstrated higher mortality in patients with troponin-T elevation, which was associated with LV diastolic and RV dysfunction 25 .
In a logistic regression analysis, strain rate eʹ wave was independently associated with elevation in troponin-T and mortality (Wald test 8.1, odds ratio 0.02, P=0.004). These findings were replicated by Dalla et al who demonstrated global longitudinal strain to be more sensitive in detecting LV diastolic and right ventricular dysfunction in sepsis patients compared to traditional echocardiographic parameters 48 . Speckle-tracking strain imaging has a number of important limitations that make it challenging to perform at the bedside. Strain imaging requires specialised software and requires good image quality that can be challenging to obtain in critically ill patients with tachycardia and arrhythmias 44, 48 . In addition, the use of different anatomical descriptions of LV chamber quantification and differences in technology result in variability of measurement 54 . Poor image quality, out-of-plane motion during the cardiac cycle, delineation of myocardial borders, and inability to map large ventricles remain significant challenges with speckle tracking in general and are also applicable to patients with sepsis 55 . Finally, there is lack of consensus on the optimal cut-off value for global longitudinal strain, with different studies demonstrating cutoff values of -13% and -15% to be associated with clinical outcomes 44, 45, 48 .
Myocardial contrast echocardiography
Myocardial contrast echocardiography is relatively new in the ICU and can be used to assess coronary blood flow 56, 57 . An ultrasound contrast agent and the creation of micro bubbles that interact with the ultrasound waves are used to provide an estimate of the myocardial blood volume and flow 56 . It has been demonstrated to be safe and feasible in the assessment of critically ill patients with a demonstrated decrease in non-diagnostic echocardiograms 56, [58] [59] [60] . By virtue of its ability to estimate coronary blood flow non-invasively, myocardial contrast can potentially aid in evaluating for coronary occlusion and distinguishing a primary coronary process in patients with SRMD 57 . However, further dedicated studies in sepsis are warranted to understand the clinical application, optimal normal and abnormal values and the prognostic ability of this technology.
Left ventricular diastolic dysfunction
The understanding of LV diastolic dysfunction has increased steadily in recent times and has been extensively studied in patients with sepsis and septic shock 1, 9, 25, 61 . With the incorporation of TDI in acute care echocardiography, diastolic dysfunction is recognised more commonly with a varying incidence of up to 57% 1 . Diastolic function is a reflection of both intrinsic myocardial function and loading conditions, and patients with diastolic dysfunction may have a higher sensitivity to fluid loading during the management of sepsis 62 . Multiple studies have demonstrated LV diastolic dysfunction to have a greater clinical relevance than LV systolic dysfunction in predicting worse clinical outcomes in patients with sepsis and septic shock, including short-and long-term mortality 1, 25, 28, 61, 63, 64 . Recently-updated American Society of Echocardiography (ASE) criteria use a combination of echocardiographic parameters to classify LV diastolic dysfunction into three grades: impaired relaxation (grade I), pseudonormalisation (grade II) and restrictive filling (grade III). Diastolic function is assessed using a complex algorithm involving spectral Doppler (mitral inflow E and A wave velocity and peak tricuspid regurgitation velocity) and TDI (e' velocity), coupled with the increased left atrial volume index 65, 66 . During sepsis and critical illness, the parameters used to diagnose diastolic dysfunction can be variable and dynamic and influenced by the underlying disease, loading conditions, use of fluid and vasopressor support, timing of echocardiography and image quality. In particular, chronic diastolic dysfunction is typically associated with an increase in left atrial size as a surrogate for elevated left atrial pressure, but the effects of acute diastolic dysfunction on left atrial size remain uncertain. Left atrial volume index is a marker of chronic diastolic dysfunction and might not reflect the acute elevations in left atrial pressure that reflect acute diastolic dysfunction 61, 67, 68 . Basic echocardiography is minimally equipped to detect diastolic dysfunction, which requires advanced imaging techniques and echocardiography expertise to properly interpret. In a population of 27 patients undergoing cardiac surgery, serial echocardiographic measurements showed interatrial septal motion to correlate with elevated pulmonary capillary wedge pressure suggestive of diastolic dysfunction 69 . Doppler correlates of diastolic function were noted to correlate poorly with elevated left atrial pressures. However, there is limited data on the use of interatrial septal motion in septic patients and this merits further investigation in this population.
Advanced echocardiography
The current ASE criteria use a combination of mitral inflow velocities and TDI of the mitral annulus to assess diastolic function; each of these measurements can be considered individually and as a composite. The ASE criteria for diastolic dysfunction have been studied in the SRMD population. Brown and colleagues recruited septic patients in a prospective fashion, and demonstrated that lower grades (grade I) have a higher mortality than grades II and III 62 . Other authors have demonstrated worse diastolic dysfunction to have a linear association with mortality. In a meta-analysis by Sanfilippo et al 1 , diastolic dysfunction measured by TDI parameters (ASE or other equivalent society criteria) was associated with 1.82 times higher mortality (95% confidence intervals 1.12 to 2.97, P=0.02).
Concern has been raised that the ASE criteria for diastolic dysfunction may be too complex to consistently apply in critically ill patients and have poor inter-rater reliability 61 . The applicability of these definitions to critically ill populations is often limited by loading conditions, extensive fluid shifts and cardiac arrhythmias. Lanspa et al evaluated septic patients in a prospective fashion to develop a modified definition of diastolic dysfunction using septal eʹ and E/eʹ ratios 61 . Septal eʹ <8 cm/s was used to define diastolic dysfunction with values of E/eʹ ≤8, 8 <E/eʹ <13 and E/eʹ ≥13 used to define grades I, II and III of diastolic dysfunction respectively. They demonstrated that deceleration time and left atrial volume index did not show good correlation with acute LV diastolic dysfunction. Additionally, tachycardia was a significant limitation in the measurement of deceleration time in these patients; tachycardia may also interfere with accurate estimation of the E/A (early diastolic mitral inflow velocity/ late diastolic mitral inflow velocity) ratio. This modified definition showed greater ability to classify patients during acute SRMD and needs further validation in multicentre trials prior to being applied in clinical practice.
Traditional pulsed wave spectral Doppler parameters (mitral inflow E and A waves) are dependent on loading conditions and normal sinus rhythm, limiting their utility in patients with sepsis. TDI parameters (eʹ velocities and E/eʹ velocity ratio) are relatively independent of the loading conditions and the E/eʹ ratio correlates with left atrial pressure 63, 70 . The E wave reflects early active LV relaxation and is influenced by loading conditions and volume resuscitation; the eʹ velocity and E/eʹ ratio are more reflective of LV compliance, i.e. wall stiffness characteristic of diastolic dysfunction 71, 72 . TDI parameters of LV diastolic function have demonstrated good correlation with fluid responsiveness and help guide fluid management 62, 63, 72, 73 . In a regression analysis of TDI parameters in LV diastolic dysfunction, Landesberg et al demonstrated septal eʹ velocity and septal E/eʹ ratio to be independently associated with ICU mortality; whereas other TDI parameters were not predictive 63 . The septal E/eʹ ratio was an independent predictor of mortality (hazard ratio 1.08, 95% CI 0.68 to 0.99, P <0.001) 63 . E/eʹ has been validated as a mortality predictor in SRMD in different populations. An important difference between tissue Doppler and spectral Doppler measurements is the lower velocity and greater amplitude of tissue Doppler measurements. To accurately calculate the mitral E/eʹ ratio, both velocities should be converted to cm/s.
Right ventricular dysfunction
RV dysfunction is seen in up to 60% of all patients presenting with severe sepsis and septic shock and is often present in association with LV systolic and/or diastolic dysfunction 9, 22, 25 . RV dysfunction could be a manifestation of the underlying pathology or a response to aggressive fluid resuscitation during the early management of sepsis yet appears to be an important determinant of systemic haemodynamics. A prospective evaluation of 127 sepsis patients found that RV ejection fraction measured by thermodilution was significantly lower in patients with coexisting shock or cardiopulmonary dysfunction 74 . During sepsis, the loss of vascular tone, decreased cardiac output and inadequate fluid resuscitation all contribute to decreased RV preload 6, 75, 76 . Increased RV afterload due to acute lung injury, hypoxic vasoconstriction, metabolic acidosis and sepsis-induced pulmonary vascular thrombosis result in RV dysfunction 6, 41, 75, 77, 78 . The RV is challenging to evaluate with echocardiography due to the asymmetrical shape that renders the standard geometric assumptions used for LV assessment inaccurate 79 . The lack of clear landmarks and the presence of the sternum impair adequate visualisation of the RV during transthoracic echocardiography, adding to increased variability with minor changes with transducer positioning 79 .
Basic echocardiography
RV function can be assessed by semi-quantitative size and function, fractional area change, two-dimensional volume, and ejection fraction and three-dimensional volume 80 . Semiquantitative assessment of RV size and function using twodimensional echocardiography is the standard method using the RV-focused view during apical four-chamber imaging 80 . Using multimodality parameters for evaluation, Pulido et al 9 did not demonstrate RV dysfunction to be associated with 30-day or one-year mortality. Using multimodality definition parameters for RV dysfunction, our group was able to demonstrate isolated RV dysfunction to be associated with worse one-year survival in patients with severe sepsis and septic shock ; P=0.0005). RV ejection fraction measured by non-echocardiographic techniques can be used to evaluate RV dysfunction and has been noted to be lower in non-survivors in sepsis: 29% (11%) versus 32% (13%) and 21% (7%) versus 28% (9%) in seminal studies by Dhainaut et al 81 and Vincent et al 74 respectively (all values represented as mean [SD] ). In a meta-analysis, RV dysfunction did not demonstrate any correlation with mortality, however it was limited in the heterogeneity of the studies and the small populations of individual patients 30 .
Advanced echocardiography
Non-volumetric methods of assessment of RV function include tricuspid annular plane systolic excursion (TAPSE) via M-mode, tricuspid annulus sʹ velocity via TDI and global RV strain by speckle tracking 80, 82 . Evaluation of RV dysfunction using TAPSE has been demonstrated to have prognostic value in pulmonary hypertension and heart failure, however its role in critical illness has been lesser understood. Gajanana et al demonstrated dichotomised TAPSE of 2.4 cm to be a predictor of ICU and hospital lengths of stay and shortand long-term mortality 82 . The role of TAPSE in SRMD and specifically RV dysfunction has not been previously evaluated.
Tissue 83 . Survivors also demonstrated a lower right ventricular myocardial performance index (MPI or Tei index), a global measure of systolic and diastolic function with higher numbers reflecting a greater degree of ventricular dysfunction. Evaluation of RV function, which is typically very challenging with traditional echocardiography, may be more accurate with strain imaging due to the high concentration of longitudinal fibres in comparison to the LV 41, 48 . Orde et al demonstrated that RV dysfunction (reduced global RV strain) by speckle-tracking imaging was associated with six-month mortality (odds ratio 1.1 [95% confidence intervals 1.02 to 1.26], P=0.02) in patients with severe sepsis and septic shock 41 . RV diastolic function and dysfunction have not been systematically evaluated in human subjects with sepsis 84 . The ASE guidelines recommend using the apical four-chamber view with the Doppler beam at the tip of the tricuspid leaflets to measure tricuspid systolic function. In addition to the measurement of tricuspid excursion, concomitant use of inferior vena caval diameter and collapsibility have been recommended as objective measures of RV diastolic dysfunction 80 . Assessment of RV diastolic dysfunction in critically ill septic patients remains an important area for future research 11 .
Conclusions
SRMD is a multifactorial manifestation of sepsis and septic shock that occurs as a consequence of the interaction between the primary insult, treatments, and the host immune response. Our understanding of SRMD has progressed beyond simple measures to the more technically challenging and subtle findings characterising LV diastolic dysfunction and RV dysfunction, with corresponding challenges in accurate image acquisition and interpretation. Few 2D echocardiographic or M-mode parameters have consistently demonstrated clinically relevant prognostic importance. The current landscape of echocardiographic evaluation in sepsis is both exciting and challenging with a steady increase in operator expertise and technological advancements. The increasing use of advanced technologies such as TDI and speckle tracking has allowed better quantification of myocardial function in sepsis. SRMD can be suspected clinically in patients with evidence of impaired cardiac output or clinical heart failure, or identified incidentally during point-of-care ultrasonographic examination. Our suggested approach to the diagnosis and recognition of SRMD is outlined in Figure 5 . Future directions include understanding the mechanistic correlations with coronary perfusion and the underlying disease process as well as exploration of the reversibility of SRMD to achieve greater prognostic understanding in these patients. Future research is needed to explore the independent relationship between SRMD and outcomes after sepsis, in addition to the optimal approach to management.
